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(54) IMMERSION ALIGNER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an immersion aligner 
which does not cause the deterioration of its image forming 
performance. 

SOLUTION: An immersion aligner which is provided with a 
projection optical system PL which transfers a pattern Pa 
drawn on a reticle R to the surface of a wafer W and print- 
transfers the pattern Pa, and in which at least part of the 
working distance L between the lens surface Pe of the optical 
system PL closest to the wafer W and the wafer W, is filled up 
with a liquid LQ which transmits exposing light IL is constituted 
so that the working distance L may meet a relation, L<A/(0.3* 
&verbar;N&verbar;) (where, X and N (1/°C) respectively 
represent the wavelength of the light IL and the temperature 
coefficient of the refractive index of the liquid IQ). In addition, 
the liquid LQ is prepared by adding an additive which reduces 
the surface tension of pure water or increases the interface 
activity of the pure water to the pure water. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It has the projection optics which carries out the printing imprint of the pattern drawn on the 
reticle on a wafer. In the immersion photolithography system which filled at least the part of the working 
distances between the lens side which approached the wafer of this projection optics most, and said wafer 
with the liquid which penetrates exposure light When the die length of said working distance is set to L, 
wavelength of said exposure light is set to lambda and the temperature coefficient of the refractive index of 
said liquid is set to N (1 -/degree C), it is L<=lambda/(0.3x|N|). 

The immersion photolithography system characterized by forming so that it may become. 
[Claim 2] It has the projection optics which carries out the printing imprint of the pattern drawn on the 
reticle on a wafer. In the immersion photolithography system which filled at least the part of the working 
distances between the lens side which approached the wafer of this projection optics most, and said wafer 
with the liquid which penetrates exposure light The immersion photolithography system characterized by 
using what added the additive which decreases the surface tension of pure water or increases whenever 
[ surface activity / of pure water ] as said liquid to said pure water. 

[Claim 3] The immersion photolithography system according to claim 1 or 2 whose die-length L of said 
working distance is 2mm or less. 

[Claim 4] The immersion photolithography system according to claim 1 , 2, or 3 which synchronized with 
the velocity ratio corresponding to the scale factor of said projection optics, and has arranged said reticle and 
wafer possible [ a scan ] to uniform velocity. 

[Claim 5] The immersion photolithography system according to claim 1, 2, 3, or 4 using the light of an 
ultraviolet area as said exposure light. 

[Claim 6] The immersion photolithography system according to claim 1, 2, 3, 4, or 5 which formed the 
lower limit side of the lens-barrel which forms the optical surface by the side of the wafer of the tip optical 
element by the side of a wafer in a plane most, and holds said tip optical element of said projection optics so 
that the same flat surface as said optical surface might be made, and beveled to the lower limit peripheral 
face of said lens-barrel. 

[Claim 7] The immersion photolithography system according to claim 6 said whose tip optical element is an 
parallel plate. 

[Claim 8] The immersion photolithography system of claim 1 -7 given in any 1 term which held said wafer 
on the holder table, set up the wall on the top-face periphery of said holder table so that working distance 
could be filled with said liquid, prepared the liquid supply unit so that said liquids could be supplied and 
collected in said holder table, and prepared the both sides of said holder table and a liquid supply unit the 
heat regulator. 

[Claim 9] The immersion photolithography system of claim 1 -7 given in any 1 term which attached the rise- 
and-fall driving gear in said pin so that said wafer is held by the wafer chuck, a wall is set up on the top-face 
periphery of said wafer chuck so that working distance can be filled with said liquid, said wafer chuck might 
be penetrated, at least three pins might be prepared and said wafer could be lifted above said wafer chuck. 
[Claim 1 0] The immersion photolithography system of claim 1 -7 given in any 1 term which attached the 
rise-and-fall driving gear in said wafer chuck so that said wafer is held by the wafer chuck, a wall is set up 
on the top-face periphery of said wafer chuck so that working distance can be filled with said liquid, said 
wafer chuck might be penetrated, at least three pins might be prepared and the upper limit of said wall of a 
wafer chuck could be made lower than the lower limit of said projection optics. 

[Claim 11] The immersion photolithography system of claim 1-10 given in any 1 term which avoided 
interference with the lower limit part of projection optics by preparing the fluid-tight door section which can 
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be freely opened and closed to said a part of wall. 

[Claim 12] The immersion photolithography system of claim 1-11 given in any 1 term which attached the 
mirror for interferometers in the side face of said projection optics, and established the protection means so 
that it might be isolated from the steam which emits the reflected flux of light which carries out incidence to 
this mirror from said liquid. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates especially to the aligner of an immersion type about the 
aligner which bakes the pattern drawn on the reticle on a wafer according to projection optics. 
[0002] 

[Description of the Prior Art] Although spacing between the last lens side of optical system and the image 
surface was called working distance, the working distance of the projection optics of the conventional 
aligner was filled with air. As for this working distance, it was common to have taken 10mm or more on 
account of making automatic focus optical system intervene etc. On the other hand, the detailed-ization is 
desired increasingly and it is necessary to attain short wavelength-ization of exposure wavelength for that 
purpose, or to aim at increase of numerical aperture about the pattern imprinted to a wafer. However, since 
there is a limit in the class of glass ingredient which penetrates the light of short wavelength, the aligner of 
the immersion type which attains detailed-ization of an exposure pattern is proposed by filling working 
distance with a liquid and aiming at increase of numerical aperture. 

[0003] In the aligner of an immersion type, there is a possibility that distribution may arise in a refractive 
index according to the temperature distribution of the liquid made to be placed between working distances. 
Then, the following techniques are proposed as a cure to degradation of the image formation engine 
performance resulting from the temperature change of a liquid. That is, the technique indicated by drawing 3 
of a U.S. Pat. No. 4,346,164 number is proposed according to the temperature stability device of a liquid 
(**) as what attains stabilization of temperature, and the technique indicated by JP,6- 124873, A is proposed 
as what attains equalization of temperature by the excitation agitator style. Moreover, measuring 
temperature or a refractive index to JP,6- 124873, A similarly as what is fed back to temperature control 
according to the temperature monitor device of a liquid (being) is proposed. 
[0004] 

[Problem(s) to be Solved by the Invention] However (**), if it sets and how many temperature is stabilized, 
as shown below in fact, the temperature control in the precision which is hard to be referred to as realistic is 
needed [ the argument referred to as whether it is satisfactory practically is not accomplished, but ]. 
moreover - (— it is — ) — ******** jf j t takes into consideration that the temperature ununiformity of a 
liquid influences the image formation engine performance most, it will be hard to call it an effective cure. 
Thus, it was in the situation which cannot be conventionally referred to as that there is no example which 
mentioned the constraint about the optical parameter of projection optics like working distance itself in the 
well-known technique about an immersion photolithography system, and the special conditions of an 
immersion type are taken into consideration. Therefore, this invention makes easy temperature control of the 
liquid which fills working distance, and makes it a technical problem to offer the immersion 
photolithography system which does not cause degradation of the image formation engine performance. 
[0005] 

[Means for Solving the Problem] It is made in order that this invention may solve the above-mentioned 
technical problem. It has the projection optics which carries out the printing imprint of the pattern drawn on 
the reticle on a wafer. In the immersion photolithography system which filled at least the part of the working 
distances between the lens sides and wafers which approached the wafer of this projection optics most with 
the liquid which penetrates exposure light When the die length of working distance is set to L, wavelength 
of exposure light is set to lambda and the temperature coefficient of the refractive index of a liquid is set to 
N (1 -/degree C), it is L<=lambda/(0.3x|N|). 

It is the immersion photolithography system characterized by forming so that it may become, and it is the 
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immersion photolithography system characterized by using what added the additive which decreases the 
surface tension of pure water or increases whenever [ surface activity / of pure water ] as said liquid to pure 
water. 

[0006] An operation of this invention is explained below. If set the distance from the glass side at the tip of 
projection optics to an image formation side, i.e., working distance, to L, width of face of the temperature 
distribution of the medium which fills working distance L is set to deltaT, aberration of the image formation 
wave front resulting from this temperature-distribution deltaT is set to deltaF and the temperature coefficient 
of the refractive index of a liquid is set to N, the following formulas (1) will be materialized in 
approximation. 
deltaF=Lx|N|xdeltaT .... (1) 

[0007] About temperature-distribution deltaT of a medium, in order to attain the equalization, it controls 
how and a way is assumed that about [ deltaT=0.01 degree C ] temperature distribution exist. Therefore, 
image formation wave aberration deltaF is deltaF=Lx|N|x0.01 at least (la) 

**** exists. N is the value which expressed the temperature coefficient of a refractive index with the 
1/degree-C unit here. 

[0008] The values of the temperature coefficient N of a refractive index differ greatly with a liquid and a 
gas, for example, with air, to being N=-9xl0-7/degree C, in the case of water, it is N=-8xl0-5/degree C, and 
it has an about 100 times as many difference as this. On the other hand, although the working distance L of 
the projection optics of a contraction projection aligner is usually L> 10mm, though it is L= 10mm, image 
formation wave aberration deltaF of the working distance is as follows. 

Air: deltaF=10mmx|-9xlO-7/degree-C|x0.01 degree C = 0.09nm Water : deltaF=10mmx|-8xl0-5/degree- 
C|x0.01 degree C = 8.0nm [0009] However, generally, 1/30 or less [ of the exposure wavelength lambda ] is 

desirable, namely, image formation wave aberration deltaF is delta F<=lambda / 30 (2) 

******(ing) is desirable. For example, deltaF<6.4nm is desirable when using an ArF excimer laser with a 
wavelength of 193nm as an exposure light. When the medium which fills working distance is water, by L> 
10mm, it turns out like the conventional technique that the yield of the image formation wave aberration 
according [ working distance L ] to the temperature distribution of a medium is too large, and a problem is 
produced practically. 

[0010] (la) From a formula and (2) types to L<=lambda/(0.3x|N|) .... (3) 

******* Therefore, by filling (3) types, the immersion photolithography system which carried the projection 
optics by which the wave aberration yield produced according to the temperature distribution in an 
immersion liquid on the basis of realizable temperature stability (temperature distribution) was stopped by 
1/30 or less [ of exposure wavelength ] is obtained. The amount of wave aberration generated because 
exposure light passes through the inside of the medium which had temperature distribution in this invention 
is easing the demand to temperature distribution by preparing the optical path length an upper limit as 
mentioned above paying attention to being dependent on the product of the optical path length in the amount 
of temperature distributions, and a medium. Practical use can be presented with an immersion 
photolithography system under the temperature control of the immersion liquid in level realizable by this. 
[0011] 

[Embodiment of the Invention] Some suitable examples for this invention are explained below. 
[0012] 

[Explanation of the 1st example] Drawing 1 shows the whole projection aligner configuration by the 1st 
example of this invention, and it shows the projection aligner of the lens scanning method which carries out 
the relative scan of Reticle R and the wafer W to projection lens system PL here, projecting the circuit 
pattern on Reticle R on the semi-conductor wafer W through contraction projection lens-system PL which 
has the circular image field constituted by the tele cent rucksack in the both sides by the side of a body and 
an image. The ArF excimer laser to which an illumination system 10 emits pulsed light with a wavelength of 
193nm in drawing 1 (un-illustrating), The beam expander which operates the cross-section configuration of 
the pulsed light from the light source orthopedically (un-illustrating), Optical integrators, such as a fly eye 
lens which carries out incidence of the pulsed light operated orthopedically, and generates secondary light 
source images (assembly of two or more point light sources) (un-illustrating), The condenser lens system 
which makes pulsed light from the secondary light source image the pulse illumination light of uniform 
illumination distribution (un-illustrating), the reticle blind (a lighting field diaphragm — ) which operates the 
configuration of the pulse illumination light orthopedically in the shape of [ long ] a rectangle in the 
direction (the direction of X) which intersected perpendicularly with the scanning direction at the time of 
scan exposure (the direction of Y) The relay optical system (un-illustrating) for collaborating with the 

http ://www4 . ipdl .ncipi .go . jp/cgi-bin/tran_web_cgi_ejj e 6/1 /2006 



JP,10-3031 14,A [DETAILED DESCRIPTION] 



Page 3 of 1 1 



condenser-lens system 12 in drawing 1 and a mirror 14, and carrying out image formation of the pulsed light 
IL from opening of the shape of un-illustrating and a rectangle of the reticle blind as a lighting field AI of 
the shape of the shape of a slit and a rectangle on Reticle R is included. 

[0013] At the time of scan exposure, vacuum adsorption (depending on the case, they are electrostatic 
adsorption and machine conclusion) of the reticle R is carried out in the direction of one dimension on the 
movable uniform reticle stage 16 by big stroke. In drawing 1 , a reticle stage 16 is guided so that scanning 
migration of the column structure 19 top of the body of equipment may be carried out at the right and left in 
drawing (the direction of Y), and it is guided so that it may move also in the direction (the direction of X) 
perpendicular to the space of drawing. The coordinate location and minute rotation in XY flat surface of the 
reticle stage 1 6 project a laser beam on the migration mirror (a plane mirror and corner mirror) MRr 
attached in a part of reticle stage 16, and are serially measured by the laser interferometer system 17 which 
receives the reflective beam. And the reticle stage controller 20 controls the motors 18, such as a linear 
motor for driving a reticle stage 16 based on XY coordinate location measured by interferometer systems 
17, and a voice coil, and controls migration of the scanning direction of a reticle stage 16, and migration of 
the non-scanning direction. 

[0014] Now, if the rectangle-like pulse illumination light IL injected from the condenser-lens system 12 and 
the mirror 14 irradiates a part of circuit pattern space on Reticle R, the image formation flux of light from 
the pattern which exists in the lighting field AI will let 1/4 time as many contraction projection lens system 
PL as this pass, and image formation projection will be carried out at the sensitive resist layer applied to the 
front face of Wafer W. The optical axis AX of the projection lens system PL passes along the central point 
of the circular image field, and it is arranged so that it may become the same axle also to each optical axis of 
an illumination system 10 and the condenser-lens system 12. Moreover, projection lens system PL consists 
of lens elements of two or more sheets made from two kinds of ** material, a quartz and a fluorite, which 
has high permeability to ultraviolet rays with a wavelength of 193nm, and a fluorite is used for the lens 
element which mainly has forward power. The interior of the lens-barrel which furthermore fixes the lens 
element of two or more sheets of projection lens system PL is permuted by nitrogen gas, in order to avoid 
absorption by the oxygen of the pulse illumination light with a wavelength of 193nm. The permutation by 
such nitrogen gas is similarly performed to the optical path from the interior of an illumination system 10 to 
the condenser-lens system 12 (or mirror 14). 

[0015] By the way, Wafer W is held on the holder table WH which adsorbs the rear face. Wall LB is formed 
in the whole periphery section of this holder table WH in fixed height, and Liquid LQ is filled with the 
predetermined depth inside this wall LB. And vacuum adsorption of the wafer W is carried out at the hollow 
part of the inner pars basilaris ossis occipitalis of the holder table WH. Moreover, the annular auxiliary plate 
section HRS which encloses the periphery of Wafer W by predetermined width of face is formed around the 
inner pars basilaris ossis occipitalis of the holder table WH. It is determined that the height of the front face 
of this auxiliary plate section HRS is mostly in agreement with the height of the front face of the standard 
wafer W which adsorbed on the holder table WH. 

[0016] The main functions of this auxiliary plate section HRS are used as a focal detection side of an 
alternative of a case so that the detecting point of a focal leveling sensor may be located in the outside of the 
appearance edge of Wafer W. Moreover, the auxiliary plate section HRS can be used also [ calibration / the 
calibration of the alignment sensor used when carrying out alignment of the shot field on Wafer W, and the 
circuit pattern on Reticle R relatively, and / of the focal leveling sensor used when carrying out scan 
exposure of the shot field ]. However, it is more desirable to use for the calibration of an alignment sensor or 
a focal leveling sensor the reference mark plate of the dedication established according to the auxiliary plate 
section HRS and an individual. In this case, it will be attached on the holder table WH so that a reference 
mark plate may also become the almost same height as the projection image side of projection lens system 
PL in the state of immersion, and an alignment sensor will detect various kinds of reference marks formed 
on the reference mark plate in the state of immersion. In addition, an example of the approach of carrying 
out the calibration of the system offset of a focal sensor using the reference mark plate on a table is indicated 
by for example, the U.S. Pat. No. 4,650,983 number, and an example of the calibration approach of various 
alignment sensors is indicated by for example, the U.S. Pat. No. 5,243,195 number. 

[0017] By the way, since the point of projection lens system PL is soaked in Liquid LQ in this example as 
shown in drawing 1 , the point at least has the structure where it is waterproofed and a liquid does not sink 
in in a lens-barrel. Furthermore, the inferior surface of tongue (opposed face with Wafer W) of the lens 
element at the tip of projection lens system PL is processed into a flat surface or a convex with very large 
radius of curvature, and, thereby, can make smooth flow of the liquid LQ produced between the inferior 
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surface of tongue of a lens element, and the front face of Wafer W at the time of scan exposure. 
Furthermore, by this example, although explained to a detail later, the best image formation side (reticle 
conjugation side) of projection lens system PL in an immersion condition is designed so that it may be 
formed in the location of about 2- 1mm from the inferior surface of tongue of the lens element at a tip. 
Therefore, while the thickness of the liquid layer formed between the inferior surface of tongue of the lens 
element at a tip and the front face of Wafer W is also set to about 2- 1mm and the control precision of the 
temperature control of Liquid LQ is eased by this, it becomes possible to also suppress generating of the 
temperature-distribution nonuniformity in the liquid layer. 

[0018] Now, the holder table WH is attached on X-Y stage 34 so that the advancing-side-by-side migration 
(it moves slightly with rough migration in this example) to the Z direction in alignment with the optical axis 
AX of projection lens system PL and inclination jogging to XY flat surface perpendicular to an optical axis 
AX may be possible. This X-Y stage 34 carries out two-dimensional migration of the base surface plate 30 
top in the XY direction, and the holder table WH is attached through three actuators 32A, 32B, and 32C for 
Z directions on X-Y stage 34. Each actuator 32 A, and B and C consist of combination devices of a piezo 
flexible component, a voice coil motor, a DC motor, and a lift cam etc. And if only the same amount makes 
a Z direction drive three Z actuators, parallel translation of the holder table WH can be carried out to a Z 
direction (the direction of a focus), and if only a mutually different amount makes a Z direction drive three Z 
actuators, the inclination (tilt) direction and amount of the holder table WH can be adjusted. 
[0019] Moreover, two-dimensional migration of X-Y stage 34 is performed by the drive motor 36 which 
consists of linear motors which make the DC motor made to rotate a delivery screw and non-contact 
generate a thrust. Control of this drive motor 36 is performed by the wafer stage controller 35 which inputs 
the measurement coordinate location from the laser interferometer 33 which measures each location change 
of the direction of X of the reflector of the migration mirror MRw fixed to the edge of the holder table WH, 
and the direction of Y. In addition, as a whole X-Y stage 34 configuration which used the drive motor 36 as 
the linear motor, the configuration indicated by JP,8-233964,A, for example may be used. 
[0020] Now, in this example, since the working distance of projection lens system PL is small and Liquid 
LQ is filled in narrow spacing of about 2-lmm between the lens element at the tip of the projection lens PL, 
and Wafer W, it is difficult to project aslant on the wafer side corresponding to the projection visual field of 
projection lens system PL the floodlighting beam of the focal sensor of an oblique incidence light method. 
For this reason, in this example, the focal alignment sensor FAD containing the focal leveling detection 
system of an off-axis method (method which does not have a point detecting [ focal ] into the projection 
visual field of projection lens system PL), and the mark detection system which detects the mark for the 
alignment on Wafer W by the off-axis method is arranged on the outskirts of the lower limit section of the 
lens-barrel of projection lens system PL as shown in drawing 1 . 

[0021] The inferior surface of tongue of the optical elements (a lens, a glass plate, prism, etc.) attached at 
the tip of this focal alignment sensor FAD is arranged in Liquid LQ, as shown in drawing 1 , and from that 
optical element, the lighting beam for alignment and the beam for focal detection are irradiated on the front 
face of Wafer W (or auxiliary plate section HRS) through Liquid LQ. And a focal leveling detection system 
outputs the focal signal Sf corresponding to the position error over the best image formation side of the front 
face of Wafer W, and a mark detection system analyzes the photoelectrical signal corresponding to the 
optical description of the mark on Wafer W, and outputs the alignment signal Sa showing XY location or 
the amount of location gaps of a mark. 

[0022] And the above focal signal Sf and alignment signal Sa are sent out to a master controller 40, and a 
master controller 40 sends out the information for driving three each of Z actuator 32 A, and B and C the 
optimal based on the focal signal Sf to the wafer stage controller 35. The wafer stage controller 35 controls 
Z actuator each 3 2 A, and B and C by this so that the focal adjustment and tilt adjustment to the field which 
should be projected on the actual condition on Wafer W are performed. 

[0023] Moreover, a master controller 40 manages the coordinate location of X-Y stage 34 for adjusting the 
relative physical relationship of Reticle R and Wafer W based on the alignment signal Sa. Furthermore, in 
case a master controller 40 carries out scan exposure of each shot field on Wafer W, as Reticle R and Wafer 
W carry out uniform migration with an equal velocity ratio with the projection scale factor of projection lens 
system PL in the direction of Y, it carries out the synchronousr control of the reticle stage controller 20 and 
the wafer stage controller 35. 

[0024] In addition, the focal alignment sensor FAD in drawing 1 is good to prepare in the direction of Y at 
two places, and to prepare in the direction of X on both sides of the point of projection lens system PL, at 
two places [ a total of four ], although only one place of the point circumference of projection lens system 
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PL is prepared. Moreover, the mark for alignment formed in the periphery of Reticle R and the mark for the 
alignment on Wafer W (or reference mark on a reference mark plate) are detected to coincidence through 
projection lens system PL, and the alignment sensor 45 of the TTR (SURUZA reticle) method which 
measures the location gap with Reticle R and Wafer W with high precision is formed above the reticle R in 
drawing 1 . And the location gap measurement signal from this TTR alignment sensor 45 is sent out to a 
master controller 40, and is used for positioning of a reticle stage 16 or X-Y stage 34. 
[0025] By the way, although the aligner of drawing 1 makes the uniform migration of X-Y stage 34 carry 
out in the direction of Y and performs scan exposure, it explains the reticle R at the time of the scan 
exposure, and the schedule of scanning migration of Wafer W and step migration with reference to drawing 
2 . In drawing 2 , projection lens system PL in drawing 1 is typically expressed with the pre-group lens 
system LGa and the rear group lens system LGb, and the exit pupil Ep of projection lens system PL exists 
between the pre-group lens system LGa and rear group lens system LGb. Moreover, circuit pattern space Pa 
which has bigger diagonal length than the diameter dimension of the circular image field by the side of the 
body of projection lens system PL in the reticle R shown in drawing 2 is formed in the inside divided with 
the protection-from- light band SB. 

[0026] And scan exposure of the field Pa on Reticle R is carried out in Reticle R to the shot field SAa to 
which it corresponded on Wafer W by making the scanning migration of the wafer W carry out in the 
forward direction in alignment with a Y-axis with constant speed Vw, making scanning migration carry out 
in the negative direction in alignment with a Y-axis with constant speed Vr. At this time, the field AI of the 
pulse illumination light IL which illuminates Reticle R is set up the shape of the parallel shape of a slit, and 
a rectangle extended in the direction of X in the field Pa on a reticle, as shown in drawing 2 , and the both 
ends of that direction of X are located on the protection- from-light band SB. 

[0027] Now, image formation of the partial pattern contained to the pulsed light lighting field AI in the field 
Pa on Reticle R is carried out to the location where it corresponded in the shot field SAa on Wafer W by 
projection lens system PL (lens systems LGa and LGb) as an image SI. And completion of a relative scan 
with pattern space Pa on Reticle R and the shot field SAa on Wafer W carries out step migration only of the 
constant rate in the direction of Y so that Wafer W may come to the scan starting position to the shot field 
S Ab of the next door of the shot field SAa. The exposure of the pulse illumination light IL is interrupted 
during this step migration. Next, the pattern image of an electronic circuitry is formed on the shot field SAb 
by moving Wafer W in the negative direction of a Y-axis with constant speed Vw to a projection image SI, 
moving Reticle R in the forward direction of a Y-axis with constant speed Vr to the pulsed light lighting 
field AI so that scan exposure of the image of the pattern in the field Pa of Reticle R may be carried out to 
the shot field SAb on Wafer W. In addition, a technical example which uses the pulsed light from an 
excimer laser for scan exposure is indicated by for example, the U.S. Pat. No. 4,924,257 number. 
[0028] By the way, if drawing 1 and the projection aligner shown in 2 change the configuration and 
magnitude of opening of a reticle blind within an illumination system 10 and the configuration of the 
lighting field AI is doubled with the circuit pattern space when the diagonal length of the circuit pattern 
space on Reticle R is smaller than the diameter of the circular image field of projection lens system PL, the 
equipment of drawing 1 can be used for it as a stepper of a step-and-repeat method. In this case, while 
exposing the shot field on Wafer W, the reticle stage 16 and X-Y stage 34 are relatively made into the 
quiescent state. However, what is necessary is just to carry out jogging control of the reticle stage 16 so that 
the jogging may be measured by the laser interferometer system 33 and flattery amendment of the part for 
the location gap with minute Wafer W to projection lens system PL may be carried out by Reticle R side 
when Wafer W moves slightly during the exposure. Moreover, when changing the configuration and 
magnitude of opening of a reticle blind, a zoom lens system which is centralized on the range corresponding 
to opening after adjusting the pulsed light from the light source which reaches a reticle blind to compensate 
for modification of an opening configuration or size may be prepared. 

[0029] In addition, to the hand of cut of scan exposure of the circumference of a Y-axis, i.e., the direction, 
since the field of a projection image SI is set up the shape of the shape of a slit, and a rectangle prolonged in 
the direction of X so that clearly from drawing 2 , tilt adjustment under scan exposure is chiefly performed 
only in the rolling direction by this example. Of course, the width of face of the scanning direction of the 
field of a projection image SI is large, and if it is ******, when there is nothing in consideration of the 
effect of the flatness about the scanning direction on the front face of a wafer, naturally tilt adjustment of the 
hand of cut of the circumference of the X-axis, i.e., the pitching direction, is also performed during scan 
exposure. 

[0030] Here, the condition of the liquid LQ in the holder table WH which is the description of the aligner by 
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this example is explained with reference to drawing 3 . Drawing 3 expresses the partial cross section from 
the point of projection lens system PL to the holder table WH. The convex positive lens component LE 1 is 
being fixed [ the inferior surface of tongue Pe ] at the tip in the lens-barrel of projection lens system PL for 
the top face at the flat surface. The inferior surface of tongue Pe of this lens element LEI is processed so 
that it may become the end face of the point of lens-barrel hardware, and the same field (flash plate surface 
processing), and it is suppressing that the flow of Liquid LQ is confused. Beveling processing is carried out 
with big curvature like drawing 3 , and the periphery comer 114 furthermore soaked in Liquid LQ by the 
lens-barrel point of projection lens system PL makes resistance to the flow of Liquid LQ small, and 
suppresses generating and the turbulent flow of an unnecessary eddy. Moreover, the adsorption side 113 
where the plurality which carries out vacuum adsorption of the rear face of Wafer W projected is formed in 
the center of the inner pars basilaris ossis occipitalis of the holder table WH, and it is **. This adsorption 
side 1 13 is specifically made from height of about 1mm as two or more zona-orbicularis-like lands formed 
in the direction of a path of Wafer W in the predetermined pitch concentric circular. And each of the slot 
engraved in the center of each zona-orbicularis-like land has led to the piping 112 connected to the source of 
a vacuum for vacuum adsorption inside Table WH. 

[003 1] Now, in this example, as shown in drawing 3 , the spacing L in the best focus condition of the 
inferior surface of tongue Pe of lens element LEI at the tip of projection lens system PL and the front face 
of Wafer W (or auxiliary plate section HRS) is set as about 2- 1mm. Therefore, the height of the wall LB set 
up to spacing L around the holder table WH that what is necessary is [ therefore ] just about 2 to 3 or more 
times of the depth Hq of the liquid LQ filled in the holder table WH is good at several mm - about 10mm. 
Thus, the spacing L as working distance of projection lens system PL is written very small, and there are 
also few total amounts of the liquid LQ filled in the holder table WH, it ends with this example, and 
temperature control also becomes easy. 

[0032] The liquid LQ used by this example here is easy to receive, and handling uses easy pure water. 
However, at this example, while decreasing the surface tension of Liquid LQ, in order to increase the 
surface activity force, the additive (liquid) of the aliphatic series system which is not made to dissolve the 
resist layer of Wafer W, and can disregard the effect to the optical coat of the inferior surface of tongue Pe 
of a lens element is added at few rate. The methyl alcohol which has a refractive index almost equal to pure 
water as the additive is desirable. If it does in this way, even if the methyl alcohol component in pure water 
evaporates and content concentration changes, the advantage that refractive-index change as the whole 
liquid LQ can be made very small will be acquired. 

[0033] Now, although the temperature of Liquid LQ is controlled by fixed precision to a certain target 
temperature, a current comparison precision which can carry out temperature control easily is about **0.01 
degrees C. Then, the realistic immersion projection under such a temperature control precision is 
considered, general — the temperature coefficient Na of the refractive index of air -- about -9xl0-7/degree C 
— it is — the temperature coefficient Nq of the refractive index of water — about — it is -8xl0-5/degree C, 
and the temperature coefficient Nq of the refractive index of water is larger about double figures. On the 
other hand, when working distance is set to L, amount of wave aberration deltaF of the image formation 
which originates in amount [ of temperature changes (temperature unevenness) ] deltaT of the medium 
which fills working distance L, and is produced is expressed with a degree type in approximation. 
deltaF=Land|N|-deltaT [0034] Here, in the usual projection exposure which does not apply immersion 
projection, amount of wave aberration deltaF air when making 10mm and temperature variation deltaT into 
0.01 degrees C is as follows about working distance L. 

deltaF air=Land|Na|-delta — amount of wave aberration deltaFlq obtained under the working distance L with 
T**0.09nm same again and temperature variation deltaT when immersion projection is applied is as follows. 

deltaFlq=L, |Nq|, and deltaT**8nm[0035] The greatest amount of wave aberration deltaFmax by which this 
amount of wave aberration is generally permitted 1/30 of the operating wavelength lambda or 1 / when ArF 
excimer laser is used since 50 to about 1/100 is made desirable is set to lambda/30, lambda / about 50 to 
lambda/100 6.43, or 3.86-1 .93nm, and is desirably set to lambda/100 of 1 ,93nm or less. By the way, each 
thermal conductivity in 0 degree C of air and water serves as 0.0241 W/mK with air, and it becomes 0.561 
W/mK with water, and water of heat conduction is better, it can do smaller than it in air, and the temperature 
unevenness within the optical path formed underwater can also make small fluctuation of the refractive 
index generated in a liquid as a result. However, as expressed to the formula (3), when working distance L is 
about 10mm, even if temperature variation deltaT is 0.01 degrees C, amount of wave aberration deltaFlq to 
generate will exceed amount of permissible aberration deltaFmax greatly. 
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[0036] Then, the relation of the temperature variation deltaT and working distance L in consideration of 
amount of permission wave aberration deltaFmax is set to deltaFmax=lambda/30>=L-|Nq|-deltaT, or delta 
Fmax=lambda / 100 >=L, |Nq| and deltaT from the above consideration. Here, if temperature variation 
deltaT assumed is made into 0.01 degrees C and 193nm and refractive-index variation Nq of Liquid LQ are 
made into -8xl0-5/degree C for wavelength lambda, the working distance (thickness of a liquid layer) L 
needed will be set to 8mm or 2.4mm or less. It is better to make the working distance L smaller than 2mm 
desirably within limits to which Liquid LQ flows smoothly. While the temperature control of Liquid LQ 
becomes easy by constituting like this example as mentioned above, degradation of the projection image 
produced in the wave aberration change resulting from the temperature change in a liquid layer is 
suppressed, and it becomes possible to carry out projection exposure of the pattern of Reticle R by very high 
resolving power. 
[0037] 

[Explanation of the 2nd example] Next, the 2nd example of this invention is explained with reference to 
drawing 4 . This example shows the temperature control method of the applicable liquid LQ, and operating 
of the liquid LQ at the time of exchange of Wafer W also like the 1st previous example. Therefore, the same 
sign is attached to previous drawing 1 and the same thing as the member in three in drawing 4 . Now, two or 
more adsorption sides 113 are formed in the wafer installation section formed in the inner pars basilaris 
ossis occipitalis of the holder table WH as a circular crevice in drawing 4 . And the slot 51 used for supply 
and discharge of Liquid LQ is formed around the circular wafer installation section annularly, and a part of 
the slot 51 is connected with the external pipe 53 through the path 52 formed in Table WH. Moreover, the 
heat regulators 50A and SOB, such as a Peltier device, are embedded directly under [ of the wafer 
installation section in the holder table WH ], and directly under the auxiliary plate section HRS, a thermo 
sensor 55 is attached in the suitable location on the holder table WH (desirably two or more places), and the 
temperature of Liquid LQ is detected by the precision. And heat regulators 50A and SOB are controlled by 
the controller 60 so that the temperature of the liquid LQ detected by the thermo sensor 55 becomes constant 
value. 

[0038] On the other hand, the pipe 53 is connected to the liquid supply unit 64 and the eductor pump 66 
through the change bulb 62. The change bulb 62 answers a command from a controller 60, and it operates so 
that the passage which supplies the liquid LQ from the liquid supply unit 64 to a pipe 53, and the passage 
which returns the liquid LQ from a pipe 53 to the supply unit 64 through an eductor pump 66 may be 
changed. Moreover, in the supply unit 64, thermoregulator 64B which maintains at fixed temperature whole 
liquid LQ in a tank including pump 64A which supplies Liquid LQ, and its pump 64A from the reserve tank 
(un-illustrating) which can hold the whole liquid LQ on the holder table WH, and this tank is prepared. 
Furthermore in the above configuration, each actuation of a bulb 62, pump 64A, thermoregulator 64B, and 
an eductor pump 66 is controlled by the controller 60 in generalization. 

[0039] Now, in such a configuration, if Wafer W is laid on two or more adsorption sides 1 13 in the 
condition, PURIARAIMENTO [ conveyed and ] on the installation section of the holder table WH, reduced 
pressure immobilization will be carried out through the piping 1 12 for vacuum adsorption shown in drawing 
3 . In the meantime, it is being continued by controlling heat regulators 50A and SOB the temperature used 
as a target. And if vacuum adsorption of Wafer W is completed, the change bulb 62 will change from a 
closing location to the supply unit 64 side, the liquid LQ by which the temperature control was carried out 
will be poured in only for a constant rate inside the wall LB of the holder table WH through a pipe 53, a path 
52, and a slot 5 1 by actuation of pump 64A, and the change bulb 62 will return to a closing location. Then, 
shortly after the exposure to Wafer W is completed, the change bulb 62 changes from a closing location to 
an eductor pump 66 side, and is returned in the reserve tank of the supply unit 64 through the liquid LQ fang 
furrow 51 on Table WH, and a pipe 53 by actuation of an eductor pump 66. Based on the detecting signal 
from the thermo sensor in a reserve tank, temperature control of it is carried out to a precision by 
thermoregulator 64B until the liquid LQ returned in the tank can prepare the following wafer. 
[0040] Thus, since according to this example temperature control of the liquid LQ under immersion 
exposure was carried out, Liquids LQ are collected in the supply unit 64 and it was made to carry out 
temperature control during wafer exchange actuation with the heat regulators 50A and SOB in the holder 
table WH, while wafer exchange is attained in atmospheric air, there is an advantage referred to as being 
able to prevent the big temperature change of Liquid LQ. the liquid LQ which is furthermore poured into the 
holder table WH after wafer exchange according to this example — even if — laying temperature — receiving 
— being small (for example, about 0.5 degrees C) — though it differs, since the depth Hq (refer to drawing 
3 ) of a liquid layer is shallow generally and laying temperature may be reached comparatively early, the 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 6/1/2006 



JP,10-3031 14,A [DETAILED DESCRIPTION] 



Page 8 of 1 1 



time amount which waits for temperature stability may also be shortened. 
[0041] 

[Explanation of the 3rd example] Next, the 3rd example is explained with reference to drawing 5 . Drawing 
5 expresses the partial cross section of the holder table WH which improved the configuration of previous 
drawing 3 , the holder table WH of this example has separated on the wafer chuck 90 holding Wafer W, and 
the ZL stage 82 which performs the Z direction migration and tilt migration for focal leveling, and the wafer 
chuck 90 is laid on the ZL stage 82. And the ZL stage 82 is formed on X-Y stage 34 through three Z 
actuators 32A and 32C (32B omits). And the paths 53A and 53B connected to Wall LB, the auxiliary plate 
section HRS, the piping 1 12 for vacuum adsorption, supply of Liquid LQ, and the pipe 53 (refer to drawing 

4 ) for discharge are formed in the chuck 90 like drawing 1 , and 3 and 4, respectively. However, path 53 A 
is connected with the circumference part of the auxiliary plate section HRS of the wafer chuck 90 interior, 
and path 53B is connected with the lowest part of the wafer installation section of the pars basilaris ossis 
occipitalis in the wafer chuck 90. Thus, formation of the path for liquid discharge and the impregnation in 
the wafer chuck 90 to two or more places performs receipts and payments of a liquid quickly. 

[0042] Furthermore, by this example, three through tubes (two are illustrated) 91 are formed in the center 
section of a chuck 90, and three pin center,large rise pins (two are illustrated) 83 which move up and down 
through this through tube 91 are formed on the vertical-movement drive 85. Besides, the downward moving 
drive 85 is fixed to an X-Y stage 34 side. The three pin center,large rise pins 83 are for only a constant rate 
lifting the wafer W on a chuck 90 from an installation side at the time of wafer exchange, or taking down 
Wafer W on an installation side, and where vacuum adsorption of the wafer W is carried out in the 
installation side of a chuck 90, as shown in drawing 5 , the apical surface of the pin center,large rise pin 83 
is set as the location which fell rather than the installation side of a chuck 90. 

[0043] On the other hand, it is constituted by the point of projection lens system PL used by this example so 
that parallel monotonous CG of the quartz fixed to the optical axis AX and the perpendicular may be 
attached at the tip of the sub lens-barrel 80, therefore lens element LEI (plano-convex lens) at a tip may not 
be soaked in Liquid LQ. In this example, spacing of the inferior surface of tongue of this parallel 
monotonous CG and the front face of Wafer W serves as working distance on appearance, and is set as 2mm 
or less like a previous example. Moreover, the anchoring side with parallel monotonous CG of the sub lens- 
barrel 80 is waterproofed, and the interior of the sub lens-barrel 80 is filled up with nitrogen gas. 
[0044] Thus, if parallel monotonous CG is prepared at the tip of projection lens system PL, even if a 
substantial back focus distance (distance from the optical element at a tip with refractive power to the image 
surface) of projection lens system PL is about 10-1 5mm, the immersion projection which working distance 
L was easily set [ projection ] to about l-2mm, and reduced the effect of the temperature change of a liquid 
is realizable. Moreover, since parallel monotonous CG can be prepared by post-installation, it becomes 
possible [ correcting easily the local very small distortion aberration (or random distortion) produced within 
the projection image ] by grinding a part of front face of parallel monotonous CG to the 1 /several about 
order of wavelength. That is, parallel monotonous CG will combine the function as an aperture which 
protects the latest lens element of projection lens system PL from a liquid, and the function as a distortion 
corrector plate. In addition, since the image formation engine performance of projection lens system PL 
including parallel monotonous CG is guaranteed if another view is carried out, there is no change in parallel 
monotonous CG being the latest optical element of projection lens system PL. 
[0045] 

[Explanation of the 4th example] Next, the 4th example of this invention is explained with reference to 
drawing 6 . This example is connected also with the example shown in previous drawing 5 , and is related 
with the wafer exchange at the time of using the projection optics which made working distance very small 
for the immersion projection exposing method. In drawing 6 , the reference mirror ML (the object for the 
directions of X and for the directions of Y) reflected in response to the beam BSr for reference from the 
laser interferometer 33 shown in drawing 1 is being fixed to the lower limit section of the lens-barrel of 
projection lens system PL. And the beam BSm for length measurement from a laser interferometer 33 is 
projected by the migration mirror MRw fixed to the edge of the ZL stage 82 as shown in previous drawing 

5 , the reflective beam interferes in a laser interferometer 33 with the reflective beam of return and the beam 
BSr for reference, and the coordinate location of the reflector of the migration mirror MRw, i.e., X of Wafer 
W, and the coordinate location of the direction of Y are measured on the basis of the reference mirror ML. 
Now, also in this example, the ZL stage 82 is attached on X-Y stage 34 through three Z actuators 32A and 
32B (32C omits), and is movable in a Z direction and the direction of a tilt. However, it is combined with X- 
Y stage 34 through flat springs 84A and 84B (84C omits) by three places of the circumference of it, and the 
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ZL stage 82 is supported so that the rigidity of the horizontal direction (inside of XY side) to X-Y stage 34 
may become very large. 

[0046] And although the wafer chuck 90 as previous drawing 5 also with the same this example is formed 
on the ZL stage 82, a different point from drawing 5 is having made it the configuration which boils the 
wafer chuck 90 comparatively with the drives 88A and 88B of two or more Z directions, and moves to a Z 
direction to the ZL stage 82 by big stroke (about 10- 15mm). unlike Z actuator 32 A for focal leveling, and B 
and C, these drives 88 A and 88B move the wafer chuck 90 among the both ends of that stroke — sufficient — 
it is good at the easy elevation function using an air cylinder, a link mechanism, etc. Furthermore in the 
example of drawing 6 , it is fixed, without the pin center,large rise pin 83 shown in previous drawing 5 
moving up and down on X-Y stage 34. And after the wafer chuck 90 has gone up most like drawing 6 , the 
front face of Wafer W was set as about l-2mm from the field of the optical element at the tip of projection 
lens system PL, and the apical surface of the pin center,large rise pin 83 has fallen to the down side (about 
2-3mm) more slightly than the wafer installation side of the wafer chuck 90. 

[0047] With the above configurations, drawing 6 will discharge the liquid LQ on the wafer chuck 90 
temporarily by discharge actuation of the liquid LQ shown in previous drawing 4 , if the condition at the 
time of the exposure actuation to Wafer W is expressed and the exposure actuation is completed. Then, if 
vacuum adsorption of the wafer chuck 90 is canceled, Drives 88 A and 88B will be operated and the wafer 
chuck 90 will be brought down at the bottom from the location of drawing 6 . While Wafer W is again 
carried by this on three apical surfaces of the pin center,large rise pin 83, it is positioned so that the upper 
limit side of the wall LB of the wafer chuck 90 circumference may become lower than the apical surface 
(the inside of drawing 3 the inside of the inferior surface of tongue Pe of lens element LEI, and drawing 5 
inferior surface of tongue of parallel monotonous CG) of projection lens system PL. If X-Y stage 34 is 
moved to a wafer exchange location in the condition, Wafer W will be pulled out from directly under [ of 
projection lens system PL ], and will move to the direction of the arm 95 for conveyance. It is in the 
condition set as height which becomes lower than the wafer W on the pin center,large rise pin 83 more 
highly than the upper limit side of the wall LB of the wafer chuck 90 at this time as for an arm 95, and 
enters into Wafer W bottom. And an arm 90 performs vacuum adsorption, lifting Wafer W slightly upward, 
and conveys Wafer W towards a predetermined unload location. Carrying in of Wafer W is performed 
completely contrary to the above sequence. 

[0048] By the way, since the pool of Liquid LQ spreads out directly under the optical path of a reference 
beam BSr in the case of a method with which a laser interferometer 33 projects a reference beam BSr on the 
reference mirror ML of projection lens system PL as shown in drawing 6 , it is possible to give fluctuation 
to the optical path of a reference beam BSr by rise of the saturated steam of the liquid LQ. So, in this 
example, the covering plate 87 is arranged between the optical path of a reference beam BSr, and Liquid 
LQ, and the fluctuation which intercepts the steamy style which goes up from Liquid LQ, and is generated 
in the optical path of a reference beam BSr is prevented. 

[0049] In addition, the up space of the covering plate 87 may be ventilated in the pure air by which 
temperature control was carried out in the direction which intersects an optical path, in order to make the 
optical path of a reference beam BSr stability more. In this case, the covering plate 87 will be equipped also 
with the function to prevent that the air for optical-path air-conditioning is sprayed on the direct liquid LQ, 
and can reduce unnecessary evaporation of Liquid LQ. Moreover, it may replace with the mere covering 
plate 87, and the whole optical path of a reference beam BSr may be made a wrap configuration with a 
windshield tube. 
[0050] 

[Explanation of the 5th example] Next, the 5th example of this invention is explained with reference to 
drawing 7 R> 7 (A) and (B). This example combines the pin center,large rise device (a pin 83, Z mechanical 
component 85) shown in drawing 5 with the structure of the holder table WH shown in previous drawing 1 , 
and it improves the holder table WH so that wafer exchange may be simplified. And drawing 7 (B) 
expresses the flat surface of the improved holder table WH, and drawing 7 (A) expresses the cross section of 
7A view in drawing 7 (B). The holder table WH is held through three Z actuators 32A and 32C (32B omits) 
on X-Y stage 34, and three through tubes 91 are formed near the center of the holder table WH so that the 
drawing 7 (A) and (B) may show. In this through tube 91 , the pin center,large rise pin 83 which moves up 
and down by the mechanical component 85 passes. 

[0051] As explained also in advance, if the height of the lowest end face of projection lens system PL 
remains as it is, it is separated from the front face of the auxiliary plate section HRS (wafer W) only about 
2mm. The upper limit of the wall LB furthermore prepared around the holder table WH is higher than the 
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lowest end face of projection lens system PL. Therefore, when it constitutes so that X-Y stage 34 may be 
moved as it is for wafer exchange and a wafer may be pulled out from directly under [ of projection lens 
system PL ], a part of width of face of the auxiliary plate section HRS will enlarge content volume of the 
holder table WH on which the diameter dimension extent required next door of the lens-barrel of projection 
lens system PL and Liquid LQ are poured in. 

[0052] So, in this example, as shown in drawing 7 , a part of wall LB of the holder table WH was cut and 
lacked, and the fluid-tight door section DB which can be opened and closed freely there was formed. While 
Liquid LQ is poured in, this fluid-tight door section DB has always closed the notching section of Wall LB 
in the state of fluid-tight, as shown in drawing 7 (A) and (B), and if Liquid LQ is discharged from the holder 
table WH, it will open it like the broken line in drawing 7 (A). In the condition of having opened, the fluid- 
tight door section DB is set up so that it may become low a little rather than the height of the front face of 
the auxiliary plate section HRS. Moreover, O ring OLs (notching section of Wall LB etc.) who ensure fluid- 
tight nature like drawing 7 (B) are prepared in the proper location at a part for the wall by the side of the 
holder table WH body which touches the wall of the fluid-tight door section DB. 

[0053] In the above configurations, when exchanging the wafer on the holder table WH, after discharging 
the liquid LQ in the holder table WH first, the fluid-tight door section DB is opened. Then, when X-Y stage 
34 is moved to right-hand side in drawing 7 , a wafer will be pulled out from directly under [ of projection 
lens system PL ]. Projection lens system PL is located in the headroom of the fluid-tight door section DB 
opened exactly at this time. And a wafer is easily exchangeable, if the pin center,large rise pin 83 is raised 
and a wafer is lifted more highly than Wall LB. 

[0054] There is an advantage temperature management of Liquid LQ not only becomes easy, but that 
become possible to make into min the diameter of the wall LB which encloses the perimeter of the holder 
table WH according to this example, become possible to stop the total amount of the liquid LQ filled in the 
holder table WH to the minimum, and the impregnation discharge time amount of Liquid LQ becomes min. 
In addition, although it is not necessary at the time of the configuration of said 4th example to prepare the 
fluid-tight door section especially since a wafer chuck descends, in the configuration of the 4th example, the 
fluid-tight door section may be prepared still more. 
[0055] 

[Explanation of the 6th example] Next, drawing 8 shows the 6th example of this invention, and uses the 
lower container 7 and the up container 8 in this example. Wafer electrode-holder 3a which lays a wafer 3 is 
formed in the inside pars basilaris ossis occipitalis of the lower container 7, the top face of the lower 
container 7 is sealed by the base of the up container 8, and the complete product of the lower container 7 is 
completely filled by immersion liquid 7a. Immersion liquid 8a is filled by the another side up container 8, 
and last lens side la of projection optics 1 is dipped in the immersion liquid 8a. 

[0056] After being led to a thermoregulator 6 from the exhaust port 5 prepared in one side face of the lower 
container 7 and receiving temperature control in a thermoregulator 6, it circulates through a part of 
immersion liquid 7a in the lower container 7 so that it may return to the lower part [ inlet / 4 / which was 
established in the other side faces of the lower container 7 ] container 7. The thermo sensor (not shown) is 
attached in two or more [ in the lower container 7 ], and based on the output from a thermo sensor, the 
thermoregulator 6 is controlled so that the temperature of immersion liquid 7a in the lower container 7 
becomes fixed. Moreover, the same temperature regulatory mechanism is prepared also about immersion 
liquid 8a in the up container 8. 

[0057] In this example, the wafer 3 is moved by moving the lower container 7 and the up container 8 as one. 
On the other hand, since the immersion liquid in the lower container which held the wafer 3 is sealed 
substantially, it is not only advantageous in respect of temperature stability, but it does not generate the 
pressure distribution by flow, such as an eddy in an immersion liquid, that is , although the pressure 
distribution in an immersion liquid serve as fluctuation of a refractive index and it become the factor of 
image formation wave aberration aggravation , that pressure distribution become a problem in this 6th 
example be only immersion liquid 8a filled by the up container 8 , and it can ease the effect of the 
immersion liquid flow of the time of wafer migration by forming the optical path L8 of this part short 
enough to the level which do not become a problem practically . 

[0058] In addition, although the lower container 7 and the up container 8 were moved as one in this 
example, only the lower container 7 can be moved and the up container 8 can also be fixed. Immersion 
liquid 8a in the up container 8 will stop completely at the time of this configuration. Therefore, among 
working distances L, it is desirable to form thinly enough the thickness L7 of immersion liquid 7a in the 
lower part [ thickness / L8 / of immersion liquid 8a in the up container 8 ] container 7. 
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[0059] 

[Explanation of other modifications] As mentioned above, although each example of this invention was 
explained, as shown in previous drawing 1 , since the working distance at the time of immersion projection 
exposure is very as small as about 1 -2mm, the focus to Wafer W shall use the focal alignment sensor FAD 
of an off-axis method. However, the focal detection device of the TTL (SURUZA lens) method which 
projects the beam for focal detection on a wafer through the periphery within the projection visual field of 
projection lens system PL, and measures the height location or inclination on the front face of a wafer may 
be established as indicated by the U.S. Pat. No. 4,801,977 number, the U.S. Pat. No. 4,383,757 number, etc., 
for example. 

[0060] Moreover, although the focal alignment sensor FAD shown in drawing 1 shall detect the alignment 
mark on Wafer W optically by the off-axis method, it is good also as an alignment sensor of the TTL 
method which detects the mark on Wafer W other than the TTR alignment sensor 45 in drawing 1 to which 
this alignment sensor also detects the mark on Wafer W through Reticle R and projection lens system PL 
only through projection lens system PL. Furthermore, if it has the projection optics which carries out 
projection exposure under an ultraviolet-rays region (wavelength of 400nm or less), this invention can 
completely be similarly applied, even if it is the aligner of what kind of configuration. 
[0061] 

[Effect of the Invention] By this invention, the aligner of an immersion type with which image formation 
engine performance sufficient within the limits of a realizable temperature control was guaranteed was 
offered as mentioned above. Moreover, the structure of a wafer stage of having been suitable for loading and 
unloading of a wafer in an immersion photolithography system was also offered. 
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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide an immersion 
aligner . which does not cause the deterioration of its 
image forming performance. 

SOLUTION: An immersion aligner which is provided with 
a projection optical system PL which transfers a pattern 
Pa drawn on a reticle R to the surface of a wafer W and 
print-transfers the pattern Pa, and in which at least 
part of the working distance L between the lens surface 
Pe of the optical system PL closest to the wafer W and 
the wafer W, is filled up with a liquid LQ which 
transmits exposing light IL is constituted so that the 
working distance L may meet a relation, L<X/(0.3x|N|) 
(where, X and N (1/°C) respectively represent the 
wavelength of the light IL and the temperature 
coefficient of the refractive index of the liquid IQ). 
In addition, the liquid LQ is prepared by adding an 
additive which reduces the surface tension of pure water 
or increases the interface activity of the pure water to 
the pure water. 



COPYRIGHT: (C)1998,JPO 



40 





-1- 



(19) B ^Stefr/f ( J P ) 



<lf>&l««f tt&Sl (A) 



(i mains' *f 



M^lO- 3 0 3 1 1 4 



(43)&MB ¥«!0^( 1 9 9 8 ) 1 U13B 



s 


^ fin ip €■ 

m A'J BC 


fV eta SgC SI £ -E3. 

/J n se >± Hr ^ 


r x 


t* 5& «s ac 


tin i f 9 1 /ft 9 7 






unit o i /on 
nuiL l I / oil 




rnoij 7 /on 


D Z 1 




b U o f ( / Z U 


0 Z J 








unit oi /on 
UU 1 L Z It/ oU 


CIO 
0 1 0 








1£ 2£ Iff 3* *c 


P jJ< tat 3* J« <£> l 2 FD (il 41) 


<2l)fcU®#^ 


§e¥9-i 2 i 


7 5 7 


<7i)m@A 


000004112 












(22) m ® a 


9 ^ ( 1 9 9 


7 ) 4 £ 2 3 0 














■ ■ ■ 




























(72)$E W# 


16 t& IS — 










Jfc#« !: 1 1 ftfflK*L«>rt3TB2#3# f* 


















(74)ftSA 





(54) C%^CD^$&c] 



(57) [gffjj 

w £ © pa o «7 — *>tf'T'<*9>*<oo*><n'3>tx.< <h 

$©SS^&^N (l/t:) tlfctt, L^A/ 
(0. 3x|Nl)fcfc*.fc5C#J3tLfc££*<&»i: 




( 

I 

t#fr§t*£> seal 

x/\KgfciaSLfci^>XM£i*lBSXA£<&ra<&7-- 
* > w X * >X <0 5 5 < t -g&#£ , S3t 

L £ A / ( 0 . 3x I N I) 

w. 

Iffi3tm2] 2 >v ±.\zmmz nit* * - > &v 

[ at # 3i 3 ] ifrfS'7-^>yx>rx^>xog$Ld^2 

mmaT-Cfc*. SfsfcJii 1 Xtt 2 IE® ©&*t^@ft£e 
IB. 

[Iit5fc3t4] t9IBl^^^;i/t £ XA £ jftfE&S2ft^?S<Z> 
lOfc. gf^^l, 2 Xte 3 IE®O^^^S^^@. 

^ 3* ^ e # i# -r s at 0 <o t ss ® & i& ih ^ ® t - ¥ m 
^ b fc, 11*911. 2, 3. 4 xtt 5 &m(D%tmM®yt 

[gjtjfc^s] t?iia^x/\Sr^;u^^-^;nzct^T«^ 
utriE&teiCcfcoT?-* x ^ >x^^Ac-r 

fiOlaliR-C £ S £ 5 " y h GtStVt* tt IE * 

U . fft f£t&. \Z ^> T *7 3r > 4 X & > 7s & ffi ft T 
Z\ £&~CZ Z> £ o iZtfl&V JL/\^ * y 2 <D .tmftmtzm. 
& £ & & L . g*fE^XA^-\*-.y^£r|JiiLT4>fc<tfc 



2) #§1 ¥ 1 0 - 3 0 3 1 1 4 

2 

[i^^l 0] ftrffi^X/\$:^x/\^^^^l3<k-pT^ 
J§ L . lif'E^^l:ctoT7-4 : >^f'f X > x £ $i Ac 
^c£aix#*«fc?Kta£^xA^r^^<BJtM*vm:: 
g S5 £ 5* © b * tfifB^X/\^-r>;/^£Hjll,T4>fc<2: 
fc3*<DfcT>£^tt, ^X/\^^^^(Dff[ia^®0[)_h^ 

•5 \z % ttriH^xA^^ -/ ^ izft&mmmmzffr o 
io fc» st*Ji i - 7 (Dt^rn^ i mw.n<Dmmmmyt& 
m. 

im&mi i] $i%d.&&<D~mft\zmm &&um® f r 

20 @. 

[ 0 0 0 1 ] 

[^^©^r^fii^i] *&wit. v r z )i ± \z m m 

C 0 0 0 2 ] 

[t^^cos^i yt^zkvmi&u >xmt&m toimom 

^--^X^^^^^SE^-fr^^ifO^^lCctD, 10m 

o, * (otiib\z\*mftfc&<Dmfc&<t£&2>ft. 

^ c 1 1: j: o , ^- xD&m<t&mz>mmmco& 

40 [0 0 0 3] ^^^<D@)t^@l?«, 7-+>^r^ X 
4. 3 4 6, 1 6 4 ^0@3CPi^$nfc^%^l3g$ 

nr^o, mm&&&miz±-?TU&<D*$-<tzm2> 

OHT, ^fl? 6 - 1 2 4 8 7 3^^^C^^$n^i 
50 -tft^Ccfc^TafifgH^C^^-KA-v^-r^fe^tb 



3 

Tv Ri:<^53¥ 6 - 1 2 4 8 7 3 ^^Sl:|&S t X\Z 
[ 0 0 0 4 ] 

<d iz-o x <o m&i \zn & v ft mtefc < » i&mM<D&&im 
m&^&tstix^z x-tz^vtuT ft. vft& 

o T * S£ 9Hi , V - * > 4 7s ? > X£mrzT%tfr(D 
[ 0 0 0 5 ] 

L £ A / ( 0 . 3 x | N I ) 

£^:AF=10mmX| 
= 0 . 0 9 n m 

7K : AF=10mmX | 
= 8 . 0 n m 

[ooo9] vfrz \z-&\zi£i&$imw.m a f 

»IA©1/30UT^S^L<, t & ^ , 
AF^A/30 •••• (2) 

#j£5£T<5::<hat$?£L^. 1 9 3 n m<D A 

r fi + *>t u--tf — £ mytytt u x js v» * t * t 

A F < 6 . 4 n m #S £ U V> . "7 — *>^x*X*>X 
>^-x>fX^>XL^L>10mmTH, H tf> M & # 

[0010] (1 a) it (2) 
L^A/(0. 3X|N|) ••♦•(3) 

Lfc^oX (3) ^t^ifctC tCi: 0 . 

J: oX£i;*fc Bifc£«£fi 1 / 3 



3) ^P?10-303114 

4 

t*iBfc#£:LX. $6 * <D ^ j& 9 il £ ft 4> 

X* * . 

to o o 6] £iTiz*ftm<Dfcmz®.WTz>. &mx.& 
( i ) a« jfc a r * . 

AF = LX | N I XAT ••••(!) 
[0 0 0 7] iI©ilI^^ATl:^^Ttt, ^<Di§- 
{t%mz>ftlt>iZ\,*fr\Z^>ha — ;H/J;7tt), A T = 

o. o ltgi^t^^t ^#ststit$ns. l 

# o X , *£{fe&®iK^AFfi, 
AF = Lx|N|X0. 01 (la) 

20 t#fi-?ItfeiT*5. 

[o o o 8] mmm<DM.m&&N (DWizmfrtgLfr-i?*. 

t<^40, 00 * fcf £ £C X ti N = - 9 x 1 0'7tT* 
' * © C U X . *®«^ttN = -8 x 1 0 VtT$ 

i o oigfi^iA^s. mfr&Bmytmmv 

0 mmt^^^, L=10mmXe&5«hL.Xfc* & fl£ 
A FtiUTcOcfc"5lC75:^. 

9X10* T /t:|X0. 0 1 *C 

8X10" V*C I x 0 . 0 It 

m#ifi\zzi-r2>&3t&mft ums, ^nc^^i^i 

[0011] 

40 ^£#1 ^IB^T 5 . 
[0012] 

tz & &&m®ytmm<D±ftmfcZtti> . z\ z-c\t. 

<S3t^<B3C0P5ffl!lC*5^T^U'-fe> MJ * K fil J5£ £ *l 

wii:g^Lo-3, l/f^^Rt-)i;\Wi$g^l/> 
X^PLi:^lTlSWj^t51/>X - x * v > 5* co 

50 1 9 3 nmO/^U)t$ftlt1-5Ar Fl+xTU-f 



( 4 

5 

5^-1 4iffifiiLT^^^RJ:l:7'J'> h X *g 
[0 0 1 3] Is^i? )\,R\Z* £lt&>£P£lr;te*#fcX h 
B) £ n £ . ^;PXf-y l 611, 0 1 I: i5 T « 

<h 13 £ S ft . U ^ i7 ;U X ^ — yl6C- & 0 # «=> 
nxt#§*& 7 — ) MR r Clz-tf 

#tt$'*3ri>17l;:«fcoTS&n-«l;&n*. f LTUf 

t-^ 1 8SIJHI/, 1/f ^Jl/Xf-x 1 6 + t > 30 

[0 0 14] $ T . 3>r>1t-l/>X^ 1 2 t$7- 

4{g(Dfg/jN8:g£lx'>X^PL£jSLT, ^XAW©« 

& 1 2 o&ytttt hftwiztL* & ? \zmwt< tixit** m 40 

flfcgl 9 3 nmcoy^JUX^W^O^^tCfc^KJlX^Stt 

X ir. <fc 5 IS & HS SB & 1 0OrtS5^^3>f ? >-^ — U > 
X & 1 2 ( X fct £ 7 - 1 4 ) ST©)tEl:^LTt)^« 



) 10-3031 14 

6 

[0 0 1 5) t:5T, ^XAWfi-eODBS^S&ifT* 

n, c o&ap l b <Dto&\z\*t&4tL Q&mmn&z -em 

£ n T * . f 1/TOlAWIt *J^f-y^WH 

m-em 0 at? £ ? ^ittoiiyi/- fsshr s a* ^ # 

[0016] Z\ <Dffi&) ZT V- Ng&H R S <D£gfcta& 
te, 7*>-*X-U^U>y-fe>i^ — © ffl j& a* £ X A 

*-#X&ffi®£L,T5W;B£n*£<>:X&<5. £ Si I* 
:7*U-h&HRSte, ^X/NWiro^-ayh^^ctU^ 
*;URJi©[m&/S*->££ffl#lflKte@^;b^i-*<h 

^^^^n^T^-r^> h -t > I*- — <z> * * u y U — ~> 3 

— # X • U"* U >^/il>-tt — CD^-V U^U— 5>3 > \Z h 
& pT |g "C & £ . ^^:UT^<^>hir>1t--^-7^- 
*7 X • U^'J>^-t>1t — O^^U^U-->3>tt, *& 
Ift :/ U - h g& H R S £ra»«JKffctt£nfc!?J8©g2pv- 

g#!gX&S2U>X*PL©&S^®£l3;tf[ig-CDi£;* 
\Z % J: ? \Z * )l & t - 7 W H Ji IZ & 0 \f e, ft % y 

<Dmm^-?*mmvtm'v&tH-rz>c}zizts:z>. & *> , 

^-r;UJh(DS2p-7 — T7^ - * X -fe > — 

© X ^ A ■ * ? -fe y h^+t 'JT'U-ya >t5^ft 
<Z>— fllte. #1 * ^Btef* 1 4 , 6 5 0, 9 8 3 ^lr.[I§^ 

^m<o— mu* mz-\zxm®& 5 , 243, 195^1; 
[0017] t 1 ic^itio, *mmm-c\z 

4>fr< t <Dfti%&\tffi7kmjLtE nT&mft\zwcft& 

cni:«to, jE&myt&\z v > xm^-oTm t o 
ifi* mm&m\z&vz>&&u>x&i> L<Dm&&&ffi 

S^-dT, ftiSOU/X^^^TIt^XAWOlSt^ 
^{C^fiJc$n-5^^^C0^^fe2 ~ 1 mmggl^O, 



( 

7 

[0 0 18] ?t, *;^f-^^WH«, >x 

l: K D ft ^ tl 5 . :©XY7f--/34«'<-XSfi 
3 0 _k£X Y^faK: 2 &7C&®>b, ^i^f-^i^WH 
ttXYXf-y 3 4Jill3^>(DZ^fRjffi0Dy^^3.X- 
^32A, 32B, 3 2 C L T$ 0 ft It ^ tl5 . & 
7^aI-^32A, B, tfxy#ffi^^, # 

£figi;s£ttz;frfoi;:®i&£i*£ <fc> ^;^f-^;pw 

HSrZ^fRl C7 * - # X f«] ) K^fT&l&S-fctSCtat 

[0019] &jt. XY xV-v* 3 4 CD 2 & ?c & ®) ft , 

$t5U-7t-^^TifiHSn5Si ; e-^3 6 lei 
T fr *> *1 £ • Z. (Dm®}* - * 3 6 (Dfflfflte* & )V ? T 

Xy5r*K Y^fpjcO^{£@^<l:Srff-^-r ^5 U-if ^f^ff 3 

3 5i;J:oTffbns. *> , iif-^ 3 6 ^ 'J - 7 
^E- * £ L*t X Y X z? 3 4 <D <h U T , #1 

^^^^ 8 - 2 3 3 9 6 4^|gK0i^$nfc8m£ 

[ 0 0 2 0 ] $HI^JTUjS^ > X ^ P L <D U 

If*. C Ofc&*£|j!j£#!-<M;t® 1 IZtkT ifi 0 , - 7 z 

tfc til a* v> St ) ®7^-*7 • U^»J>yfttti& 
£ * * 7 • 7 ? >> Xjj&T? <? 3L/\W ±<D7 ? * > hffi 

7 7 < ;* > b-tr>-* — FAD£&g2U>yC&PL<D&f& 

[0 0 2 1] :©7t-*7 • 77f*>h-fc>lJ--F 

AD<D&i®\zmotfn t>nfzyt¥m=? (u>x. x?* 

^oyt^m^fr $ \tr ? < * > k ^ © & 

T * X A W (Xttili^!/-hS5HRS) O ^ ® _t IC 

* — ^jxi^s f suj^i, *7-^^ai^tt^x/\w± 



5) ^Sf 1 0 - 3 0 3 1 1 4 

8 

t , 7-^xYia[iixiifiifni$it7 7<>> 

[0 0 2 2] f UTj^±©7 S f t77< 

* > hif s atti«iig4 o irjum^n. £iii§4 

0 7 * — tl S f l:S^ViT3OC0Z7^faX 

-^32a, b. c©#4r & mm iz mm-? z> ft & <d 

^IAXf-y0©g3 5tt, ^XAWjKDHBUC&j^ 

ff *5 *l 5 cfc 5 K > #ZT^^o.x— ^3 2A. B , C £ 

[0 0 2 3] *fc^*d»S4 0tt, 77>f^>M^S 
a £ £ fr> T . l/^^;PR t^XAWtOfflJfW^fil 
^^^^^$-tir^^:i6C7)XYX^-i/3 4 £> j£ |g <£ g £ 

^ s -r * . $&c±©i®S4 0tt, ^x/\w±co$^3 

Y;frftl;:i&j^U>X&PL<Z)&S*te^£^L^i£&ttT 

20 XAXf-^|JSIS3 5 t^NIS^if ^. 

[0 0 24] *5 . 01*<Z>-7*— ;*?X•7^-'f;*>^ 
^I>1t-FAD^a&^^>X*PLO^^ggfSJI3i7I0> 1^ 
1^ K # b rt> f£ £ n T V> <^ , S^l/>XIPLO 
$fc*ggf5£i*A,T Y>^[rIIC 2 <7-j?r, Xy^frlZ 2 ^ 3f <D 4 

±*i:ii, u^*;i'R<D^i2^K:^j£<*nfc:r^'f*> 

h CO *T — ^ t«)XAW±077<^ > hfflOT — ^ 

PLfcilLTfigEMzftaJLT, l/f ^Jl/Rt^X/\Wt 
30 (D^@*rn £ iSffitS ft^T 5 T T R — IfU^^ 

;P) ^^<DT^-f^>hir>it-4 5^^Jt^nT^^ 

&@rntt^m^te3£$tt8pgg 4 0 \zmm <* n, 

Xf-y 1 6 X Y x ^ — y*340fi||^!i)i:^bn 

[0 0 2 5] tC^TSiroSJtSfll^ XYXf-y 
3 4^Y^^^^i^^«i$ti:T^S®7t«rff^t)OT^ 

* # » f COttS^^fCOl/^^^R, 7XAWOX^t 
>^itXf7^^1(!:<OX^ya-J^0 2^^il 

40 rmw-r*. m2iz&\,*x* @i*<z>&^u>x&pl 

* # r * . £ £ g 2 k 3* u v ^ ;u r k wu & > 

.to biz&utt z>m&/** - >m&p a 
&yt& s B^ctoTK®$n^^{g3ic^fiE$nT^'5. 

[0 0 2 6] f UTUf ^^Ri©^«P ali. 
;U R £ 00 * Y & K l& ^> It [6] K — 5£ i& & V r X * 
50 r>^®J$-&^-P, C7Xy\W^YI4C?9o^iE7j^]IZ — 



( 

9 

m&m v w-c* * r >&m $ ci t c i o t, c?xa 

[0 0 2 7] <* T , U-^^;PR_hc0^iSPart(7)/t;i/X 

IPL (U>X^LGa. LGb) Ki^T^XAWi: 
© -> 3 y h ^ « S A a ft <Z> *f J* L & © K {& S I tUT 

% -)IAWIi^Jx.tfy 3 7 h^«SAafiQR0©-> 
3 * h^#SAbKttT£?£it§i&te©K<*cfcoK:* 
— YTjftKX^y y^lb^tl^. C(DXf-yy 

f£ ®> <D [IB , A*;UX|8WftILcDJiBttte*W$n£. #C 

^ ;U R £ A* ;U * ft f£ ijg $| « A I C^UTY|ft<7>iE^rR]lC 
rtlH^t^O, OXAW^fi^^S I i: 

"C » ^3-yh^i*SAb±K:m^[El&©A*->&atJ0 

2 4. 2 5 7 ^i:SjSSftTl>5. 

[ 0 0 2 8 ] 2l;^Lfcjg^g)tg§ 
5 . -)XAWi(D->3 y hil^^S^UT^ 

oxAWd^it^ttu, -e <o mm & i> — if ^p^tt- 

~>X^ A 3 3 1? ft 38 LTfi^ 1/>X^P Lll^t^^X 
AW<OfR/h^^@rn^^U^^;URffl3T3l€£^iE-r^ 

«t ? i/^^;i/xf-y i 6 £mmmffl-rti&& i». 

[00 2 9] fc*3. @2^^y^<tol:, a^^S 

tii?e»Y$ft{Hio<z)[ii«E^f$], fe^® yt<o is fa \z 



6) 

10 

Ti^t^ti, ^^tcx$aiHio(D@i5^^. -r & t> t: ^ 
[0030] c c t , *nffi0y \z isg^sg^^ar 

10 ©U>/$f LElOTSPett, &15&&<D5fcigS5(D 

t^ffi$"ciiRojni$nT*50, wiftL q (Dmn\z*t 

fifc £ *l T ^ . uCKill 1 3tt, I^WCttlmm 
20 g^WiiS^-OXAWOg^fRjI^^Oey^Td^H 

niEf 1 1 2l:^^^oT^5. 

[ 0 0 3 1 ] <* X, *f£fl£0JXte0 3 IC ^ U & J; 5 IC , 
S^U>XlPL03fe^©^/XlfLE l©TSPe 
£: ^ X A W (Xtt«Kl^lx-hgl5HRS) CD^StCD-; 

30 *i£#L Q©S§S H q , K i L l:M L t 2 - 3 {ggS 

[0032] z. z\~c*mm&\-z®iom<*L cm, ai^ 

Xte. WO* L Q (D^® $ i* * £ £ h \Z , I?.® 

fi^> U- >X^^©T® P e ©ft3*n - h IZ *t 

T©a0f^^<te®*T/jN$ < t V* t> fc « j« » 

[0 0 3 3] ^ x . ^{*:LQ©iamtt*>^a@iast^^ 



( 

1 1 

f8PTt**l?l&fct±o. o i tsit £> * . 

-#K£^<B0£r ^Otfi^&N, - 9 x 1 
O'Vtt^O, *<D@iff3S(DS&&&N,tett-8x 
1 0"7tT*tl, *<OJ^^<DiB&^&N. 2 

A F = L ■ INI -AT 

[ 0 0 3 4 ] CCT, U^^itScDfi: 
S2@fttf><§£-, >7-^>^7 r >f >X L ^ 1 0 mm, 

Mm&<t& A T * 0 . 0 1 ttlttftD&IiRglA 

A F . > , = L • IN. I - A T ^ 0 . 09nm 

A F n = L • IN, I • A T = 8 n m 
[ 0 0 3 5 ] ^OtSiRlitt, -!B:i:fffliSA01 
/ 3 0 ft tr> L 1 / 5 0-1/1 OOgS^i^l/^t 
SntliSd^, A r Fi^y7l/-1f$^ofci^l: 

n^g^O&ffiiRlllA F...«, A. / 3 0 ft V> 
Ua/50-A/100gi©6. 4 3 ft ^ L 3 . 
86-1. 9 3 nml:^*6n, 

(01. 9 3 nm^Ti:5l*^tl5. t C5T$^t/lc© 
0 rC^tt^^^i^^^tt, £^T?0. 0 2 4 1 W/m 
K £: ft 0 * 7K-C0. 5 6 1W/mK«>:ftO, * <B a* & 

(3) i:liitJ:^i:7-^>^T^^>7L/in o 

m m . tait^<tfi A T # 0 . 0 1 t: T & o 

tUfe, 5££T £&®JKiifi A F,,ti^^iR^S A F 

[0 0 3 6] ^:Tai<0^g*^, HF^iS®»R^gA 
F.. I ^#@Ufc«^fl:lATt I 7-+>yT^X^ 

AF... = A/ 3 0^L- IN, I - AT 
ft b Hi . 

AF.,, = A/1 0 O^L • IN, I - AT 

<hft£. it^nsiI^itiAT^o. o 1 

*C* i£gA£l93nm, -ir L/TSt^L Q 0) IS iff ^ 3£ ft 

^>^^-<X^>X Lte, 8mmftl> 

L «: 2 . 4mmaTi:ft^. S £ U < , <D 7 — * > 

rt^f* Kft * £ £ t> IC > ^ftirtOil^SltceBUfc 



i 

) ^1^10-3031 14 

12 

# pj |g <b ft * . 
[ 0 0 3 7 ] 

im 2 ommmotsiw] &\z* 2 ommw \z 

^^TB4*^igLTSlWt5. * H j& , 5fc<Z>lf5l 

^XAW0>3£&l$<D&#LQ©&O&V>#&<h£^-f. 
fi£^>T, g 4 IC*5 V>T4fe<DH 1 , 3 * t 1^ U *> <& 

tCtt^-CD^^$rO^T*^. ?T, 0 4 * V» T ft )l 
)VV1H<Olfrfe&\znMOW&£\sXMtfLZnit 
^XA^@S5|C Jt^IScOKlf® 1 1 3*<^fiS$*lTl> 

£&M\zm\,*z m 5 i tfsJttKj&ritan, tcoms 

l <o — ffi fct , f-7;i/WHWi:^jiJt$tifci^5 2 

HRSO@Tl:tt> ^jl/f x^f^©HS8SS5 0 
A. 5 0 B*«l»a*ft. ftJV^T- — ^JI/WH±<Djg^ 

ft © (m£b<te*t#^0r) l;: i& £ -fe > +l- - 5 5 a* 

^-iTiaSlBSS 5 0 A, 5 0Bte, *a&-fe>1*-55 
[0 0 3 8] — ^ , /W/5 3(t «0i^/tJt/762 

j^i/t, &#&&:xx ? h 6 4 t mm # > ~f 6 6 \zm 
^snr^s. 211, ffttap §§ 6 0 a> 

O if <fr j£ & L T , «^^|&ir7h6 4]5^0«[frL 
Q$/Wy 5 3 ICft^rSiK^, /Hy5 3^6.©^ 
#LQ£#m#>:/6 6^LT««&2->y h 6 4 \zM 

rm&fr&wowx-zj: ? \zmi?Tz>. * # :x x * 

&!K^ - pJ^ftUlf-^^>^ (^0^) £. C<D* > P 
^6^^L Q^^«&1-^3j?>/6 4 At, ^-CD^>^6 
4A£^fc*>*rt<7)&#LQ£#£-£<Di&an;:&0 

issg64Bt^sttte.nti^. ^e>ic^_hcD«$^c 

^liT, 2, #>/64A, ISS^6 4 B, ^ 

>y 6 6 o^sijf^n, mm^ 6 o \z,i:^xmmm\z 

[0 0 3 9] £ T , C(0«fc^ftifi)ci:i5^T, ^XAW 
<^>h$nfett!itllS(0!giIl 1 3_hl'®g£n 

03i:^ifcl$Kiioffit i i2$^ua 

ffat$tl5. ISSSi^5 0 A. 5 0Btt, 

mm£UZ>M&lzMW2 tltilVT^Z . ^LT^7X/\W 
©l^Kf ^x7T5 t. 0 # a' 6 2 a* ? n — 
XfiSA^^I^iZy h64ii:«J0#t>0, 

5 3. i& 5& 5 2 . f»5 1^^bX*;l/^^— ^;PWHCO 



( 8 ) 

13 

-x&mfr £ > y e 6 m\z® o m t> o . #aj#> 

C 0 0 4 0 ] dOcfc ? .tnif, igS3^f 10 

A. 5 0 B fc«fco TU&UWiStl. *XA3£&®jf£*fct 
&#LQ£{fcjf&:xx*;/ h6 4i*J(;iE§|iKUTia&fclt&PT* 

[ 0 0 4 1 ] 

im z (omtemvtsLwi &\zm 3 ©ni^ycovixa 5 
^^^f-^;i/WH©a5^»r®$^u t c: <z> nag #j © * 

^9 0 ~7 *—l3 7s • U"* U > ?<D ft #><D Zjjfa& Wi 

tf^h^ll&fT9ZL7f-y8 2 £ IC 55U n T :fc 0 . 
Z LXf-y 8 2 ± IC £ X/\ ^ * * 9 0 & @ S tl.T 
1^5. fUZLXf - >?82te, 30(DZ7^f a! 30 
-^32A, 32C (3 2 BtttPS) X Y X 

5^ — ^34_hirS:tte>ns. f t^90i:ft 
ai> 3, 4tf^^JC, g| gfl L B , V- hg&.H R. 

s, ^^©^fflcoK^i i 2, ^{*:lq<d^^, mmm 

CD/W^53 (04#Bg) i:g^$n*IS5 3A, 5 

3B#^n-en*e$/£2nT^£. fe^u, it&5 3Ate 

$5#l::ofc:a<oT*5D. IK5 3 Bl^iAf t7 i' 9 

0rt^gPOC7XA^{ggP<Z)gt,(aVigj5^^O^^oT^ 

C(D«t^i:^XA^t7^ 9 OrtOl&^r^rC^fr 40 

# ifl & fr n £ o 

[0042] $ e> K * g| *£#J T , f t7^9 OOt* 
SUC 3 O ( 2 ^ * 0 ?k ) 0^j1?19 1 # J£ fifc £ *l . £ 
(OSitJL 9 1 TlTiT * 3 O (2O(D*0^) 

<D±i> * -T y 7 X > 8 3 # , ±T©I&®)&J88 5<D± 

cattenti^. z<D±.Tmmmm&8 s\z. xyx 

tT > 8 3 , ^XA^ft^lCf t 7i7 9 0 JiO^XAW 

*®©®^^-^s^^^^±tffco, -)xAw^as so 



ftmsf 10-303114 
14 

m±\zT*>lsfz*)-rz>lzi&(»h<O'Z&0* ^x/\wd«^ 

* y # 9 o commffiizn&i&mtz ntzvtm-vte, @si: 

[ 0 0 4 3 ] *H^^IT«^T*&^U>X^P 

l to^ag&icw:. 8 o <z> & ague 3t $& a x tmm. 

iz^fez nrzE&<o¥ft ¥«c g a* # o e> *u l*: 

^■5 T^t©© U > X^^- L E 1 (¥diU'>X) *^^L 

q \zm& z> z. t&fc i> d: -5 ic fiis* z tir . *££0y 

TfcU d©^fT¥«CGOTIt!)XAW(DtI<!:a)K 

[0 0 4 4] d<3D < t^Cfi:^^>X^PL<Z)^^^5pff 
^^^^^®*-C(DlS®l) 1 0-1 5 mmUm-C £> 

t j»« Tf # * 3ft* S , ¥fr¥«C G(Dt@o-e5^^K^o 
-T^^^. ¥fT?SCGIifi^l/>X^PL0I 

-e, ^ff ^« c g u > p l <Dm9t*&<r>yt¥m 

¥X$>Z>ZL£\Z&t>K>tete\,>> 0 
[ 0 0 4 5 ] 

im 4 ommmntsim] &\z*5twv>$m <o^ffi.m\z-D 
8e>T/h^< vtt&wx¥&&mm&m&Ktiz\z$im i,ft 

^-&<Z>'>X/\3£!&Kg|-r'5fc<D"TT&£. 06 i:*5^T, 

SJ^ u >X1k P L o^l§i (DT^SP \z lli:^btl/ 
-lf^F^fh3 3A^(0#S§|t'-ABS r£g#T£!t 
f 5 # Bi $ 7 — ML (X^tp]ffii:Y^fSjffl) d^@S$n 
T^*. ^UTU-lfT^fhSS^ecDSI^ffltf-AB 

AttU--tf^^it3 3^M0, #iffibf-ABS r 

Tftb^^IAWOX, Y^1pJ(D^©&S^, # BB 5 7 
-ML£g2p£:LT£t-iB!<*n£. $T, ^^M^JI-^^ 
tt), 2LX^—> ? 8 2«3OC0ZT^^3-X— ^32 
A. 32B (32CtttBS) LTX YXf-y 3 4 



15 

ftot^S. fcfc'l, 2«. co a <d 

3^ri-Cfi/U84A, 84B (8 4 ClltBg) £ rfrL 
TXY7T-y34te^$n, XY7f-y34i:» 

[ 0 0 4 6 ] f lT*il«iJTfe, itO05 
X A ^ * y ^ 9 0^ZLXf-y8 2±l:aW6tl5 
# , 05 tS^^^itt, OXA^r*^9 0£*tgc£>Z 
^rRjo^^ta^ 8 8 A. 8 8Bi:«totltfeWl:^t^ 
^ (1 0-1 5mmi$) TZLXf-y82 

II1I88A, 88BIJ, ^-^X-U^U^CO 
fc£><7> Z 7 * ? 3. X- * 3 2 A , B. Ctl^O, OX 
>\** V 2 9 0 &*<DX hD-^0M^fflT^i$t5 

l7-y'J>y^'J>^i«^i&^ 7 fciai 

ft . 5fe CD @ 5 K lfct>^-77^tf>8 3 # X Y X 
^— y 3 4±l:±TiT5c tJi<@S$nTli-5. 
LT06©«t^l;-)IAf 9 0*tIt,±#Lfc« 

f ©@^e» l-2mmg^l;^^$n, -t > ^ - 7 
^ytf>8 3 05feJ|8itt!)XAf t";f9 0 <Z) O X A ® 

r 

0 btiTfriZTm (2-3mmSS) ICT^oT 
[0 0 4 7] M±<D £ o Umfc-C > 0 6li<)XAWl:^ 

^ ^ V 2 9 0 ±C9i&# L Q £ K^AUT -6 . 

®&mS 8 A, 8 8 BSffi^tt^XAff 9 0 

£ XA WK£ 3 OCD-fc > ^ - T V ~f tf > 8 3<D5fe^®_bir 
^-£^*.«=>n5££t>lc:, >>XAf t 9 O^0ff)g 

IJ^XI^LElCTMPe, 05*Tte¥fT¥&C 

gcot®) £ 0 z> J: ? \z&m&iit>Z . *<D 

t^iTXYXf-y 3 4£^X A 

-A95tt, >)XA^t^9O©If3SLB0J:^@J; 
0te i£ < , B.-o-t:>^ — 7^ytf>8 3 Jt <D X /\ W <t 

o < & § j: 5 $ crjes nttftm'?. -)iaw 

<7>T<B1 A 0 &tr. tni^T-ASOH^IAW&J: 

> D — Hfi[©lC|pJttTOXAW$:^2|-r^ 0 £ X A W CD 
& A > £4±CD^-^>X<hte£<i£KfTfcn*. 

[0 0 4 8] t^taei^uapi^ U If ^ ^ 

ff- 3 3^#8ie-ABS rSr&UUVX^PLCD^eg^ 



9) ^r^^lO-303114 

16 

r <DK&<DmT izmftL Q<D7— r>T^*rz 

T*HJ£^T«» ^|f-ABSr©)tKtjS«:LQt 
0> N £ * A — IK 8 7 £ E © L , »#LQ^ei#T5l 

[0 0 4 9] ft 43 . *A-fi8 7®±®$Kl:«. # eg 
fcf-ABS r C9ft&£J; 0 £ £ K f * ifr K > ^KtS! 

T £ * „ £ fc , mfcZtl A - £ 8 7 K ft x. T » ^ !& t: - 
[ 0 0 5 0 ] 

7 (A) . (B) ITgft^TS. *ma£0im$fcCD 

@ 1 i:/TLfc*;^f-^;i/WHOilic, 0 5 1: s l 

20 fcir >*-7 y (t?>83, Zfg@jgP85) 

^;b1*fcfcCD-c&tK Ox/\3?^«:^m^-r^J:-5^^ 

;u ^ — y;uwH£&&bfct>cDT?&<5. u t @ 7 
(b) te^cDefc&^n*:*;^^-- ^^WHo^s^t 

m 7 (A) @ 7 (B) *CD7A*SlCD»r®£^ 
T . ^®@7 (A) p (B) & 6 4)" * «fc O \Z s 
f-y^WHtt, XYXf-y 3 4±l;30(DZ7^f 
o.X-^32A, 32C (32B»fH) &^lt«^ 

9 1 ^SttentV^. COIS?L9 1 fcl fc£ , & ®> &5 8 
30 5i:<t-3T±Ti)t§t>^-7 7yt:>8 3a*it£„ 
[0 0 5 1] SfcK&SftWLfc.fcSK, &^lx>X&PL 
C9©TigffiCDig&2te, -ecO^*"C«M^^'U'-hgi5HR 
S (-)XAW) ©iI*^2mmiiL^int^!i 

i> . $ ^ \z* )v # - 7 )vw h<d mm\zt&w t>ntzm.u 

L BCD±igkI&J^W>X^P LOgT^MctOfei^t^ 
t£ o T » Ox/\3^^©fc86ir^0OS*XYX^-v3 4 
Sri&ifrS-arT&j^l^X^P LCDitT^£C7XA£3l£ 
aiT^^C^fiJcUfc^^, *§8tj:7l*'-bg&HRSCD-gI5 
^00>j@^&^U>X^PL O^fSJ (Djtg^fttl^S ^ 
40 ft 0 , t^LQ^ftA^n^^y^f-^iPWHCrtg 

[0 0 5 2] ^ct*^109"Ctt, 0 7 I; ^ 1* i ^ I: 4^ 

J^f-7'il'WHroia5LB0-8|l$«)O^^T, * C 

(A) , (B) OJ:^i:I8|SLB©«D^tai$«^tt 
#tb$n*t, S7 (A) cfcD^jSaoDci:^lc^<«i:^tz 
50 8i^U-Sa5HRS©^fficDiiS^ e tOt>^T{S<ft^J: 



( 10 

17 

o izmjzz nt ^ s . ifci«H7®DB®rtitst 
*#®§o icti, 0 7 (b> <d £ ? \zm®&&mm\z? 

[o o 5 3] aiKO<to^«lfiJttc*>^T/^;u^^-^ 

^XAte&j^l^X&PL^itT^SSI^ai 
£ n S £ £ K ft: S . Z (D t t . &mu > XJ&P L\tT& 10 

m^ftmm f z & d b <o ±jj&ffl\z&m? s . t n*^ 
a* t e s . 

[0054] ^mmm\z^nki, ^j^f-^^wH® 

ffl fcfik/hfclft* £ S. ffrIfilS4<& 20 

© * j£ *s n T\ fcfc t>i&£ H T SB^ifcttT 
[ 0 0 5 5 ] 

[IB 6 OHlfiM0>ft91] ^l:B8tt*5SW©i6<o^M 

&®&7 <Dftmm.&izMf$.znT*so . 7 <d± 

[0 0 5 6] TS5^^7rt<Dil^7a<7>-g{5^tL TS& 
^^7<D-^®fCl9:ttfe^taP5<fc0m^ia^§g6lC^ 
*1 » &a^®S~6K:fc^T^&®ffi£gttfc&i::, T 

®m 6 \*n&±: — <d ttifi \zm -j \<>t , t&®s§ 40 

7 ft © it & 7 aO®a?^-^t^^J:^|-$ilta?UT^ 

[ 0 0 5 7 ] Z\ (Dmmm fc*5 l^Tti, T&*&§§ 7 «*: JbSS 
§S8^-fttLT^iT5:tl:<t0, ^X/\3£f£ 
lltl^. ftb^, ^X/\3£iRJgL/iT6B*&§§ft©iI 

#J T & S "C < * g^^^^^cOSSntCcfcSflE^^ 



) ^PSIlO- 3 0 3 1 1 4 

18 

ss 6 <D&mm\z&\,*Ti£j]ftipt)<mmiztez><D\t. ±& 

§S8Ci«fc$ntIft8 aO*t, £©S57><D}tE&L 

s c t & m * s . 

[ 0 0 5 8 3 u&*mmm-eteT&®& 7 t±®®m s 

fct, ±S5^S8rtcDgae8 ate^£lCf?ihTSC,fcl;:fc 
8 f*| <omm 8 a ©JP $ L . «£ 0 t> . TSi§g7rt 

[ 0 0 5 9 ] 

wisttA*. from i ic^ u ft & o \zmm&mmytm<D v 

— V "r 4 X ^ > Xtt 1 ~~ 2 m m & t.ffi & T /J\ £ V> 
£: g> , ^XAWIC^t6i^^ti:ttt7 • 7 £ ~> X # 5£ 

tUfco L L 6 , #J A # ® if 4 . 8 0 1, 9 
7 7 ^ , * S 4$ IF 4 , .3 8 3. 7 5 7 ^^i:i^$nt 

u p l (D&m&mpqommm*: 

^UT^^-TJX^mffl^tf — ASr^X/NJhlrSltUT 
*XA^®©i53te@XktMi*££f8tfTSTTL ( X ;P 

- If U > X ) ^^C©^*-*X^ai6K^S:ia:»tTt>J: 

[0060] g 1 i:^Ufc7*-*7 -77-0 

>h-fe>it — FADtt, * 7 • T^->X^iCT^X/\W 

^OTTR77'f/>ht>t-45«)|l:, & U > 
X^PL©*^llTOXAWJ:0T-^$^ait5T 
TL^^077<^> ht>t- tltt)«t^. £ 6 £ 

(K^4 0 0 nm«T) ©txhTS 

j^fi^TS&&>t^M£<i§*-T^ntf . 

[ 0 0 6 1 ] 

i:iif)iA7f-y©iifei^$nfc. 
[® ® ©fis^^Ui^] 

[SI] l O^^fiaJlc J;i^SS!©SiS)t 

mma Sternum tii z . 

CS23 j|SS7t(Oy-7->X&Iit0<)l:l»Kt5fc* 

[03] ® i v > xmttmommum&L&Tjk-? 

^7>»r®0T*S. 



19 



[04] *&mv>m 2 oittflc £*i&<t<Du&®® t 

[05] *%MOi3 ©IHS^i:«t5^xA*;^-t 
*i6*3KT (A) BrffiBfc. (B) ¥j5iT*5. 



[0 8] *&m<Dm e <d$z 

7.8 

3 — O X A 

4 - ffixn 

6 •■ 

X * > X 

1 0 ••• SB 91 $ 

u > x& 

1 4 ••• 5 7 — 

- i? 

1 7 - U-if^F^ti-v'X^iU 
1 9 - 3 7 A M ^ 



<Z>S&£^-r&R&Br®0 



( 11 ) 

5 5 -t 

6 2 0 g x n )V 7 

6 4 A — # > ^ 

6 6-itB#>^6 6 

8 2-ZLXf-y 

8 4 A, 8 4B-S/T* 

10 8 7 - *A-« 



$£§§¥ 1 0 - 3 0 3 1 1 4 
20 

6 0- 



— v 

2 C — 7 ^ ^aX — * 

3 5 »• X A 7s 7- — > 

4 0 -£fidft S 



20 



5 i — m 5 i 

5 3 •** ~f 



1 a -g** u>xm 

7a, 8 a-if 
3 a — ^ x A ^ ;P y 

5 P 

L ... "7 — + > yr-f 

12*zi>5 f >-^ — 

i 6 — is & 9 ;i/X t- 

1 8 — t — ^ 
2 

3 2A, 3 2 5, 3 



3 4-XYXr-y 

3 e-iit-^ 

5 0 A . 5 0 B-fi 30 
5 2 •» 

5 3 A, 5 3B-I 



9 0 — O X A =3- \ v $ 
9 5 *•• 7 — A 

i i 3 -wtmm 
i l - a )v x m m ?t 

^ Jft 
S B - 
A X 

l e i - • ie u > xm? 

C G-¥fr¥« 
S A a , S A b ••• is a y h 
W H — * )V # *r — 7 )V 
L Q 

D B -WL® K 7& 
FAD-7^-*7 • 7 7 * > 
MRr, M R w — |£®>^ 
B S r - # Bg ffl tf - A 
A 

S f — 7 * — A^i^ 



6 4 

6 4 B •••?§. SI §g 

8 o -imfa 

8 3-t>^-7*; 
8 5 -ITftSitR 



8 8 A , 8 8 B 



9 1 -MMIL 

1 1 2 -e^ 

1 1 4 — ft ® 

A I - fig 01 4ft 

P a — m KfrA 9 — > 

P L > X% 
I. G a -tfimu > X 

E p — §t fcti © 

P e — ~F@ 

W — ^XA 
S I 

L B — 

H R S -itt^l/- 

O L ••• O U > # 

B S m-Hftffl fc:- 
S a — 7 7 -f * > h 



[04] [08] 




( 12 ) 



¥ 10-303114 



[mil [0 2] 




[0 3] 



I AX 





( 13 ) 



4£§1 ¥ 1 0 - 3 



[0 5] 



I AX 

I 

» 

1 



-PL 



W HRS LQ 




53B 



32C 



\m 6 ] 




( 14 ) 



^1^10-3031 14 



im 7 ] 

CA) 




CB) 



HRS 



i t 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations~of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
-ST FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

LINES OR MARKS ON ORIGINAL DOCUMENT 

■ 

□ REFERENCED) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



